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Abstract: The study performed researches on floral structures, fruits, diaspores, cafeteria experiments and their
related ants on the Dicentra spectabilis Lem. internal petals which cover pistils and stamens of the Dicentra
spectabilis Lem. did not open until fruits grew and came outside and stigma placed lower than anthers on outgoing
floral, showing that it is a cleistogamous flow with self-pollination in a narrow space. The average length of capsules
of Dicentra spectabilis Lem. and width were 36.75 and 7.15 mm, respectively and the number of diaspores for each
capsule was 11.3 mm. The Dicentra spectabilis Lem. has black-colored spherical seed surface with white large
elaiosome. The average weights of Dicentra spectabilis Lem., seeds and elaiosome and the ratio of elaiosome were
7.19, 5.33 and 1.89 mg and 26.26%, respectively. It was observed that many ants took diaspores of Dicentra
spectabilis Lem. and 6 kinds of ants including Formica japonica, Lacius alienus (Forster), Tetramorium caespitum,
Myrmica kotofui (Forel), Lasius niger (Linne) and Temhothorax spinosior and Formica japonica and Myrmica kotofui
with relatively large bodies took Dicentra spectabilis Lem. the more frequently. The Dicentra spectabilis Lem. has a
weakness in securing genetic diversity and adaptability from inbreeding depression as a perfect cleiscogamous
flower but the issue may be overcome by utilizing advantages like elaiosome and using ants to disperse seeds.
There may be more investigations on flora, ants, cafeteria experiment and others to understand the mutualism of
plants with elaiosome and ant species in Korea.
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Introduction
20 kinds of the Dicentra Bernhardi in North America and
East Asia and most species produce seeds with elaiosome
to spread seeds by ants (myrmecochory) and had been used
as herbal purposes due to containing isoquinoline alkaloids
like other species of fumariaceae (Stern, 1997). One species
of the Dicentra spectabilis Lem. is frequently grown in Mt.
Seorak but most of the flowers are perennial herbaceous
plants in fumariacese family for decorative use (Lee, 2003).
The Dicentra spectabilis Lem. has no pollinators from
blooming to growing fruits and there is almost no damage
from insects or microbes and the flower grows well in the
field due to secondary metabolites. Charlesworth and
Charlesworth (1987) suggested that autogamy degraded a
genetic diversity and adaptability of plants. Schemske and
Lande (1985) indicated that cross-pollinated plants showed
bimodal distribution, species or individual groups due to
perfect self- or perfect cross-pollination were very rare and
self-pollinated plants were selected to cross-pollination due
to heterosis by coincident cross-pollination. Lord (1981),
Culley and Klooster (2007) reported that there had grown
interested in self-pollinated cleistogamous flowers recently
and the flowers consisted of perfect materiality, atypism
and guided types and were discovered in 693 species, 228
genus and 50 families of angiosperms. Lu (2002) suggested
that fertilization rates in the natural group and chasmogamy
rates recorded 56% and 67%, respectively but inbreeding
depression recorded very low value of 0.07, meaning that
cleimogamous flowers at individual level and self-pollination
rates at group level would be evolved to lower the inbreeding
depression. Oakley (2004) invested V. septemloba, perennial
herb, and suggested that the cleimogamous flower was
produced at low cost, marked high pollination rates, low
inbreeding depression and maintaining cleigamous flower
was generally explained as belt-hedging strategy. There are
lots of plants selecting self-pollination and the reason why
they maintain cleistogamous, bad for growth and breeding,
is not clear until now.
Ants take seeds with elaiosome back to their nests and
use the elaiosome as feed for larvae and throw the
remaining seeds away from trash yard in their nests or sand
hills or areas outside their colonies. These behaviors are
very good examples of mutualism among species to 1)
*To whom correspondence should be addressed.
Tel: +82-33-730-0522
E-mail: gtkim@sangji.ac.kr
J. KOREAN NATURE
134 Gab Tae Kim, Dong Pyo Lyu and Hoi Jin Kim
prevent predation of seeds, 2) be free from competition
among individuals through spreading seeds, 3) reach places
for germination, 4) lower mortality of seeds by keeping
more distance from viviparous, 5) make seeds germinated
in soil with rich organisms and well drainage and 6)
provide various benefits including upgrading survival rates
from fire damages or rough soil (Rico-Gray and Oliveira,
2007; Gorb and Gorb, 2003; Beattie, 1985). Comparing to
consuming physiological energy to produce elaiosome,
continuous benefits (seed dispersion, forest fire, protection
from seed predators and providing environment with rich
nutrition) are from evolution of angiosperms using ants and
the elaiosome is a good example of the convergent
evolution in the biology (Lengyel et al., 2010). Plant
species which ants dispersed seeds (myrmecochory) have
3,000 species (Beattie, 1985) which consist of 1,500
species (51.7%) in Australia, 1,300 species (44.8%) in
South Africa, 1.7% in Northeastern America, Japan and the
Mediterranean region and 0.2% in new tropical region
(Rico-Gray and Olivera, 2007) but there has no research in
Korea.
Therefore, the study performed researches on floral
structures, fruits, diaspores, cafeteria experiments and their
related ants on Dicentra spectabilis Lem.
Materials and Methods
Floral Structure of Dicentra spectabilis Lem.
Flower ages were regularly observed twice a week in
Geumdae-ri and Usan-dong, Wonju-si in Gangwon province
from April 8, 2011 after the Dicentra spectabilis Lem. was
bloomed and researchers checked openness of petals and
insects around them by mid May. Some flowers were taken,
internal floral structure was observed by 10-80×
stereoscopic microscope (V8 Discovery, Zeiss, Germany)
and pictures were taken.
Study on the characteristics of capsule and
diaspore of Dicentra spectabilis Lem.
Mature capsules of Dicentra spectabilis Lem. were collected
from May, dried in shades for 12 hours and selected 20
capsules to investigate their lengths, widths and diaspores.
Weight of diaspores with 5 petals and seeds were measured
by analysis scale. Average weights of collected diaspores
were measured for every 5 petals, elaiosome was taken out
by using magnifier and tweezers and dlaiosome weights
and ratios were calculated by using an analysis scale
(METTLER AJ100) to calculate average weight through 12
repetitions for every 5 petals. The SPSS (ver. 10.1) was
used for statistical analysis.
Cafeteria experiments and study on related ant
species
Diaspores of the Dicentra spectabilis Lem. in the freezer
were arrayed on wood plates (Fig. 2C, 2D) and the plates
located in 4 points (2 points in Mt. Jungwang, Pyeongchang-
gun (1,150 m, N 37o28'44.4'', E 128o31'15.0'' and 1,150 m,
N 37o28'18.2'', E 128o30'42.7''), Usan-dong (150 m, N
37o22'19.0'', E 127o55'39.0'') and Dangye-dong (140 m, N
37o20'16.1'', E 127o56'04.7''), Wonju-si) to investigate ants
which took the diaspores for 2 hours at 30 minute interval.
Ants which took diaspores were taken more than 3 for a
species, identified in laboratories and pictures were taken if
needed. Collected ants were made as samples and stored in
the sample room of the Sangji University.
Results and Disscussion
Floral Structure of Dicentra spectabilis Lem.
The floral structure of the Dicentra spectabilis Lem. has a
shape of flat heart with 4 petals. Outer 2 petals are 2 cm
long, pale pink color and have spurs like pockets at the
bottom, folded to outside with narrow bottom and the inner
2 petals are combined to form an extrusion and have 2.5 cm
length. The flower has 6 stamens, combined to 2 and one
pistil (Lee, 2003). The internal petals surrounding the
stamens and pistil did not open until fruits grew and came
outside and there was no ornament and nectary in Dicentra
spectabilis Lem. and no insect was found around it.
Dicentra spectabilis Lem. removing 2 outer petals with
pale pink has 2 white-colored internal petals perpendicular
to the outer petals, forms a small space at the bottom to
contain 1 pistil and 6 stamens. Two stamens are divided by
internal petals and have a space like corridor and developed
filaments. The filaments are divided into 3 parts to have 6
anthers with pistil in a dark purple part (Fig. 1B, 1C). It was
found out that the stigma was placed lower than anthers,
showing that self-pollination was performed in a narrow
space (Fig. 1D, 1E).
The floral structure indicates that it is a complete
cleistogamy categorized by Culley and Klooster (2007) and
Lord (1981) bearing fruits by self-pollination and autogamy
with no open internal petals. Self-pollinated seeds of the
Dicentra spectabilis Lem. seem to show inbreeding depression
(Charlesworth and Charlesworth, 1987) but for several
years, it was discovered that the number of individuals
increased to new places in Geumdae-ri and Usan-dong of
Mt. Chiak, Wonju-si. The results are assumed as an
example of very weak inbreeding depression in plants with
cleistogamous flowers including V. septemloba (Oakley,
2004) in natural groups of Danthonia spicata (Clay, 1982),
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Impatiens capensis (Lu, 2002) and V. pubscens (Culley,
2002).
Characteristics of capsule and diaspore of Dicentra
spectabilis Lem.
Table 1 shows the results of lengths, widths and number of
diaspores for 20 mature capsules of the Dicentra spectabilis
Lem. (Fig. 2A) since early June. The average length of
capsules of Dicentra spectabilis Lem. and width were 36.75
and 7.15 mm, respectively and the number of diaspores for
each capsule was 11.30±4.57 mm (n=20).
The Dicentra spectabilis Lem. has black-colored spherical
seed surface with white large elaiosome (Fig. 2B). Table 2
shows weights of diaspores with elaiosome, seeds, elaiosome
and their weight ratios. The average weights of Dicentra
spectabilis Lem., seeds and fat body and the ratio of the
body were 7.19, 5.33 and 1.89 mg and 26.26%, respectively.
It means that the ratio of elaiosome is relatively high. The
results are very high compared to Ohkawara and Higashi
(1994) who reported average weights of diaspores,
elasiosome and their weight ratios were 0.61, 0.42,
0.006 mg, 3.3 and 1.5%, respectively for V. selkirkii and V.
Verecunda.
The results show that the dispores of Dicentra spectabilis
Lem. with big elaiosome have a very high preference by
researches of Mark and Olesen (1996) who stated that the
elaiosome size was the most important for ants to select
seeds and Edwards et al. (2005) who reported that the ants
wanted more compensation for ants using elaiosome as
source of nutrition.
Cafeteria experiments and study on related ant
species
Table 3 shows ant species living in 4 cafeteria experiment
places in 2 places of Usan-dong (150 m above the sea
level), Dangye-dong in Wonju-si and Mt. Jungwang (1,100
m above the sea level) and found out that some ant species
took diaspores of the Dicentra spectabilis Lem. (Fig. 3). 9
ant species were observed in the cafeteria experiment but
each point had different species. Many ants took diaspores
of Dicentra spectabilis Lem. and 6 kinds of ants including
the Formica japonica (Fig. 3A), Lacius alienus (Forster)
(Fig. 3B), Tetramorium caespitum (Fig. 3C), Myrmica
kotofui (Forel) (Fig. 3D), Lasius niger (Linne) and
Temhothorax spinosior and Formica japonica and
Fig. 1. Floral structure of Dicentra spectabilis; (A) flower (B) Remained flower removed light red two outer petals (C) Remained flower removed
two outer petals and upper inner petal (D,E) Pistil and stamens in small room between two inner petals, and self-pollinated stigma
Table 1. Capsule characteristics of Dicentra spectabilis (mean±SD)
Length of capsule
(mm)
Width of capsule
(mm)
No. of diaspores per 
capsule
36.75±2.79 7.15±1.18 11.30±4.57
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Myrmica kotofui (Forel) with relatively large bodies took
Dicentra spectabilis Lem. the most frequently. However,
some large ants including Camponotus japonicus Mayr.
and small ants like the Paratrenchina sakurae and
Paratrenchina flavipes did not take the diaspores. These
differences may be from the facts that carnivorous ants like
elaiosome (Servigne and Detrain, 2010), disperse T. erecum
with high contents of linoleic acid (Lanza et al., 1992) the
speed of seed dispersion with elaiosome is mostly affected
by ant species and Formica polytena spread the seeds the
fastest (Gorb and Gorb, 1999) and depend on sizes and
dietary features of ant species.
This results means that the Dicentra spectabilis Lem. has
a weakness in securing genetic diversity and adaptability
Fig. 2. Cafeteria experiments; (A,B) Capsules and diaspores of Dicentra spectabilis, (C) Diaspores wood-dish (11×8×0.5 cm), (D) Cafeteria
experiments, set-up the diaspores wood-dish protected from dropped materials or rain and visiting other large insects or animals 
Table 2. Diaspore characteristics of Dicentra spectabilis (mean±SD)
Weight (mg) The proportion of 
elaiosome to diaspore 
(%)Diaspore Seed Elaiosome
7.19±0.54 5.33±0.41 1.89±0.41 26.26±4.90
Table 3. Ant species list for each sites of cafeteria experiments
Ant species Sites of cafeteria experiments
Scientific name Korean name
Wonju-si Mt. Jungwang
I II III IV
Formica japonica 곰개미 +, *** +, ***
Tetramorium tsushimae 주름개미 +, * +, * +, *
Lasius japonicus 고동털개미 +, ** +, * +, *
Lasius alienus 누운털개미 +, **
Camponotus japonicus 일본왕개미 + +
Temnothorax spinosior 긴호리가슴개미 +, *
Paratrechina sakurae 사쿠라개미 +
Paratrechina flavipes 스미스개미 + +
Myrmica kotokui 코토쿠뿔개미 +, ***
I: Usan-dong Wonju-si (150 m, N 37o22'19.0'', E 127o55'39.0''), II: Dangye-dong Wonju-si (140 m, N 37o20'16.1'', E 127o56'04.7''), III: Mt. Jungwang (1,150 m, N
37o28'44.4'', E 128o31'15.0''), IV: Mt. Jungwang (1,150 m, N 37o28'18.2'', E 128o30'42.7'')
*,**,*** means diaspore transporting frequencies
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from inbreeding depression as a perfect cleiscogamous
flower but the issue may be overcome by utilizing
advantages like elaiosome and using ants to spread seeds.
There may be more investigations on flora, ants, cafeteria
experiment and others to understand mutualism of plants
with elaiosome and ant species in Korea.
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